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Abstract:

Introduction: Current medications for idiopathic pulmonary fibrosis (IPF) have not been shown
to have impact on patient related outcome measures (PROMSs) highlighting the need for accurate
Minimal Clinically Important Differences (MCID) values. Recently published consensus
standards for MCID studies support using anchor-based over distribution-based methods. The
aim of this study was to estimate MCID values for worsening in IPF using only an anchor-based
approach.

Methods: We conducted secondary analyses of three randomized controlled trials with different
inclusion criteria and follow-up intervals. The Health Transition question in the Short Form
Health Survey 36 (SF-36) questionnaire was used as the anchor. We used receiver operating
curve to assess responsiveness between the anchor and ten variables (four physiologic measures
and six PROMs). We used an anchor-based method to determine the MCID values of variables
that met the responsiveness criteria (area under the curve > 0.70).

Results: Six minute walk distance (6MWD), the St. George’s Respiratory Questionnaire
(SGRQ), physical component score of SF-36 (SF-36 PCS), and University of California, San
Diego, Shortness of Breath Questionnaire (UCSD SOBQ) met the responsiveness criteria. The
MCID value for 6MWD was -75 meters. The MCID value for SF-36 PCS was -7 points. MCID
value for SGRQ was 11points. MCID value for the UCSD SOBQ was 11 points.

Conclusions: The MCID estimates of 6MWD, SGRQ, SF-36, UCSD SOBQ using only anchor-
based methods were considerably higher compared to previously proposed values. A single
MCID value may not be applicable across all classes of disease severity or durations of follow-
up time.

Keywords: Idiopathic pulmonary fibrosis; Interstitial Lung disease; Minimal clinically
important difference; Patient centered research.



Introduction:

Idiopathic Pulmonary Fibrosis (IPF) is a chronic fibrosing lung disease that is progressive and
has a median survival of 2-3 years after diagnosis [1]. The disease progression is associated with
increased symptom burden and is punctuated by episodic acute exacerbations that can lead to
hospitalization and acute respiratory failure. Mortality and hospitalization are meaningful but
challenging primary endpoints in IPF as they require large sample sizes and long follow-up
periods [2]. Therefore, measures of lung function such as Forced Vital Capacity (FVC) are more
feasible endpoints for drug trials. There are currently two pharmacologic treatment options,
Pirfenidone and Nintedanib, which have been shown to decrease the rate of annual decline of
FVC [3-6]. Neither of these medications, however, has shown an impact on patient reported
outcomes measures (PROMs) as measured by the St. George’s Respiratory Questionnaire
(SGRQ) or the University of California, San Diego Shortness of Breath Questionnaire (UCSD
SOBQ). This raises an important issue as to what minimal clinically important difference
(MCID) in outcome measures such as FVC and SGRQ would be associated with clinically
meaningful change in patients.

MCID is a threshold value for a change in a measure considered meaningful by the patient and
which, per Jaeschke who first defined the concept in 1989, “would mandate, in the absence of
troublesome side-effects and excessive cost, a change in patient management’’[7]. MCID is often
used in trial design to estimate effect size for sample size calculation and in evaluating the
clinical importance of trial results. For instance, a statistically significant difference in a primary
endpoint such as FVC between the treatment and control groups may not be clinically important
for patients if it falls below the MCID value of that primary endpoint. MCID values have
traditionally been determined by three different methods: anchor-based, distribution-based, and
expert opinion. The anchor-based methods estimate MCID as the quantity of change in a
measure that is associated with patient’s report of minimal improvement or worsening i.e., the
anchor. Distribution-based methods use statistical methods to determine the minimal change that
can be detected beyond statistical error without incorporating patient input. Expert opinion
incorporates formal or informal clinician judgments as the MCID value. While there is no gold
standard methodology to determine MCID values, proposed tools and consensus approaches
support anchor-based over distribution-based methods [20, 21].

Among the 10 articles that have studied MCID values of various measures in IPF, there are some
limitations [13-22]. Nine out of the ten studies utilized distribution-based methods to calculate
MCID [13-18, 20-22]. Distribution-based methods do not incorporate patient input and,
therefore, may not necessarily reflect patient-centered differences [23, 24]. Additionally, while
these studies also used anchor-based methods, some of the studies used mortality and or
hospitalization as anchors, which while clinically important to patients, may determine
“maximal” rather than “minimal” important changes [15-17]. Similarly, physiologic measures,
such as FVC, do not incorporate patient input about change and may be less than ideal when
used as sole anchors in a study [13, 14, 19-21]. The overall aim of this exploratory study is to
estimate the MCID values of various physiologic measures and PROMs in three different IPF
cohorts using only anchor-based approach consistent with the core-criteria of the Minimally
Important Difference Credibility Assessment Tool (Copyright ©2018, McMaster University)
developed for evaluating anchor-based MCID studies [11]. We hypothesized that for a chronic



progressive lung disease like IPF, most patients would either be unchanged or worsened at the
end of the specified follow-up period. Therefore, we calculated MCID values associated with
patient worsening only.

Methods:
Data Sources

We conducted secondary analyses of data from three randomized controlled trials: Sildenafil
Trial of Exercise Performance in Idiopathic Pulmonary Fibrosis (STEP-IPF), AntiCoagulant
Effectiveness in Idiopathic Pulmonary Fibrosis (ACE-IPF), and Prednisone, Azathioprine, and
N-Acetylcysteine: A Study That Evaluates Response in Idiopathic Pulmonary Fibrosis
(PANTHER-IPF) [25-27]. These three IPFnet trials were conducted by the same clinical trials
group and around the same time period with similar diagnostic and adjudication process [28].
Data from these trials was obtained from the National Heart, Lung and Blood Institute (NHLBI)
via the Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC)
program. While each of these trials enrolled patients with IPF, each had different inclusion
criteria and study duration: 1) the STEP-IPF trial followed patients with severe lung function
impairment for 24 weeks; 2) ACE-IPF followed patients with progressive phenotype for 48
weeks; and 3) the PANTHER-IPF trial followed patients with mild to moderate impairment for
60 weeks (see Supplement Table S1 for further details). Given that the three studies had different
inclusion and exclusion criteria and different follow-up time periods; three separate analyses
following the same procedures were conducted for each. We used both the placebo and treatment
arm patients in our analysis.

Study Measures

For our anchor, we selected the Health Transition question (SF2) in the 36-1tem Short Form
Survey. SF2 asks the patients to rate their health on a five point Likert scale in response to the
following question: “Compared with one year ago, how would you rate your health in general
now’’? Possible responses to this question were as follows: (1) “much better,” (2) “somewhat
better,” (3) “same,” (4) “somewhat worse,” and (5) “much worse” [29]. The SF2 is a general
question that has been used in MCID determination in other studies and meets the requirements
of patient reported anchor proposed by the Minimally Important Difference Credibility
Assessment Tool (Copyright ©2018, McMaster University) [7, 11, 16]. Since it is not specific
for a domain such as dyspnea or physical function, SF2 is a suitable anchor for all the measures
of interest in the analysis. It was also available for all three studies and for all follow-up
intervals. Data for other possible anchors, such as one of the PROMSs or sub-domains of PROMs,
was not available for all study cohorts. We analyzed patients with complete SF2 data at the end
of the respective study follow-up time period.

The physiologic measures included in our analysis were FVC, total lung capacity (TLC),
diffusing capacity of the lung for carbon monoxide (DLCO), six minute walk distance (6MWD).
We evaluated both absolute change in percent predicted FVC and FVC in liters (L) separately.
We also analyzed relative change in FVC in L which was expressed as a percentage. For DLCO
we evaluated absolute difference in percent predicted DLCO and DLCO measured as



ml/min/mmHg. The STEP-IPF dataset obtained from BioLINCC did not include percent
predicted values for FVC and DLCO. We used NHANES spirometry reference values to
compute percent predicted values for FVC for the STEP-IPF cohort [30]. Percent predicted
values for DLCO were not computed for STEP-IPF cohort. For TLC, the absolute difference in
TLC in L was analyzed in ACE-IPF and PANTHER-IPF cohorts. The TLC values were not
available in the STEP-IPF dataset. For 6MWD, we analyzed absolute difference in 6MWD in
meters.

The PROMs we examined included Borg dyspnea scale, Short Form Health Survey 36 (SF36)
physical and mental component scores, EuroQol score index and visual analogue scores, SGRQ,
UCSD SOBQ and Investigating Choice Experiences for the Preferences of Older People
Capability Instruments for Adults (ICECAP) questionnaire. The STEP-IPF data set did not
include total scores for SGRQ, SF36 physical and mental components, UCSD SOBQ, EuroQoL
index and visual analogue scale or ICECAP questionnaire. We calculated the total scores for
UCSD SOBQ and the EuroQol index and visual analogue scale (using the SAS code provided by
EuroQol Group). We were unable to compute total scores for SGRQ, SF 36 and ICECAP in the
STEP-IPF cohort due to missing components.

Statistical Analysis

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) and IBM SPSS
Statistics version 26 (SPSS Inc., Chicago, IL). All analyses were conducted using observed
cases. If patients had missing data at follow-up, then those patients were not included in the
MCID analysis. We initially performed descriptive univariate analyses for each patient measure
retaining all outliers in the analysis. We calculated mean change between follow-up and baseline
(score difference) of each measure for patients in each of the categories in the SF2 question.

For MCID calculation we followed a step-wise approach detailed in Supplement Appendix 1.
Briefly, we assessed responsiveness of each measure with SF2 by using receiver operating curve
analysis. Only those measures that met the criteria for responsiveness i.e., area under the curve
(AUC) > 0.70, were selected for MCID estimation. We determined the score difference of the

measures from baseline to follow-up in patients who answered “somewhat worse” in response to
SF2 as the MCID.

Results:
Baseline Characteristics

A total of 140 patients had follow-up data at 24 weeks in the STEP-IPF cohort, 111 patients had
follow-up data at 48 weeks in the ACE-IPF cohort and 228 patients had follow-up data at 60
weeks in the PANTHER-IPF trial. Participants from all three cohorts were predominantly male
(71-81%) and white (92-96%). The STEP-IPF cohort had a mean (SD) age of 68.47 (9.11) years
with mean (SD) percent predicted FVC of 58.52 (15.50)% and mean (SD) DLCO of 7.92 (2.12)
ml/min/mmHg (Supplement Table S2). The ACE-IPF cohort had a mean (SD) age of 66.65
(7.49) years with a mean (SD) percent predicted FVC of 61.94 (15.19)% and mean (SD) DLCO
of 36.16 (12.90) % (Supplement Table S3). The PANTHER-IPF cohort had mean (SD) age of



67.05 (8.32) years with a mean (SD) percent predicted FVC of 73.81(15.05)% and DLCO of
46.18 (11.36) % (Supplement Table S4).

Response to Anchor SF2

In the STEP-IPF cohort, 110 out of the 140 patients (78.6%) were either in the “same” or in the
“somewhat worse” category according to SF2 response at follow-up (Supplement Table S5).
6MWD was the only measure in the STEP-IPF cohort that met the responsiveness criteria (AUC
> 0.70) for further MCID estimation (Table 1). The AUC for other physiologic measures and
PROMs in the STEP-IPF ranged from 0.55 - 0.68 (Supplement Table S5). In the ACE-IPF
cohort, 98 out of the 111 patients (88.3%) with follow-up data at 48 weeks answered “same” or
“somewhat worse” in response to the SF 2 question at 48 weeks (Supplement Table S6). None of
the physiologic measures or the PROMs in the ACE-IPF cohort met the prespecified
responsiveness criteria for further MCID determination with AUC ranging from 0.53 to 0.61
(Supplement Tables S6). In the PANTHER-IPF cohort, 175 out of 228 patients (76.8%)
answered about the same or somewhat worse in response to the SF2 question (Supplement Table
S7). In the PANTHER-IPF cohort, the physical component score of the SF-36 questionnaire, the
total SGRQ and UCSD SOBQ scores were the only measures that met criteria for next stage of
MCID calculation (Table 2). The AUC for other physiologic measures and PROMs in the
PANTHER-IPF ranged from 0.47 - 0.69 (Supplement Table S7).

Anchor-based MCID Values for Worsening (Table 3)

The following measures did not meet responsiveness criteria (AUC >0.70) in any of the cohorts:
FVC, TLC, DLCO, Borg dyspnea score, SF-36 mental component score, EuroQol score index
and visual analogue scores, and ICECAP scores. Therefore, no MCID values were determined
for these measures. 6MWD met the responsiveness criteria only in the STEP-IPF cohort,
therefore, the MCID values for 6MWD was determined only at 24 weeks. SGRQ, SF-36
physical component score, and UCSD SOBQ met the responsiveness criteria only in the
PANTHER-IPF cohort, therefore, MCIDs were determined only at 60 weeks interval for these
measures. The mean change from baseline to follow-up (24 weeks for 6SMWD and 60 weeks for
the other three measures) in patients who answered “somewhat worse” in response to SF2 was
selected as the MCID. MCID value for 6MWD was -74.89 meters (95% CI -93.11, -56.66) over
24 weeks. The MCID value for physical component score (PCS) of SF-36 over 60 weeks was -
6.79 points (95% CI -8.66, -4.92). MCID value for total SGRQ score over 60 weeks was 10.95
points (95% CI 7.81, 14.1). MCID value for the total UCSD SOBQ score over 60 weeks was
11.38 points (95% CI 7.83, 14.93).

Discussion:

This is the first study in IPF to conduct a comprehensive exploratory analysis of multiple
physiologic measures and PROM s in three different cohorts using only an anchor-based
approach consistent with recently proposed standards in the MCID literature and demonstrates
several key points [11]. First, the MCID estimates of 6MWD, SGRQ, SF-36, UCSD SOBQ were
higher than previously calculated point estimates. These previous studies not only used different
methodology, but in most instances, conducted their analyses on patients with different baseline



disease severity and with different follow-up intervals which makes direct comparison difficult.
Second, in our analysis, no one measure met responsiveness criteria in more than one cohort.
Third, the variable FVVC, the primary end point in major trials, did not meet responsiveness
criteria in any of the three cohorts. This variation in responsiveness of outcome measures may be
due to random chance, different duration of follow-up compared to the anchor, study procedures,
or bias; or some combination of them all. Our findings demonstrate the complexities of MCID
calculation which has large implications for trial design and evaluation.

Our study’s results must be understood in the context of its limitations. First, the different time
periods for the three trial cohorts limited an analysis of a combined cohort and thereby restricted
the sample size for the analysis. The lack of similar follow-up time also limited our ability to
validate MCID values from one cohort in another cohort. Further studies in other trial cohorts
using a similar anchor-based approach are needed to verify and validate the results of our study.
Second, we used a single anchor, SF2, for our analysis. While general transition rating questions
such as SF2 have been widely used as anchors, the results of our analysis should be confirmed
with other anchors [11, 23]. Additionally, SF2 asks patient to recall their general health over the
last one year which makes it prone to recall bias and using this to anchor changes over other time
periods may not be ideal. Third, the anchor-based method used in our analysis is prone to
regression to the mean phenomenon [10, 31]. There are no clear guidelines on which anchor-
based methods to use in estimating MCID [11]. Additional consensus recommendations on the
most accurate and precise anchor-based methods are warranted and would lead to further
standardization of the MCID calculation. Finally, our study assessed responsiveness and
estimated MCID but did not assess the validity or psychometric properties of these measures.
Previous studies have evaluated convergent validity and some psychometric properties of
6MWD, SF-36, SGRQ and UCSD SOBQ in IPF [13, 14, 21, 22, 32, 33]. Even with these
limitations, the MCID values estimated in our analysis represent some significant
methodological strengths over prior IPF work.

We utilized a systematic approach consistent with the core criteria proposed by the recently
published Minimally Important Difference Credibility Assessment Tool (Copyright ©2018,
McMaster University) to evaluate MCID studies with one notable methodologic exception [11].
Most MCID studies and the afore-mentioned credibility instrument propose using a correlation
coefficient (usually > 0.3 or 0.5) to assess responsiveness of the change in the measure with the
anchor [10, 31]. This approach is suitable for diseases such as chronic pain where patients are
expected to be categorized somewhat evenly into the five-point Likert scale categories of an
anchor like SF2. However, in a chronic progressive disease like IPF, most patients may fall into
only two of the five anchor categories as was the case in our analysis. Therefore, using
correlation coefficient may not accurately identify variables that are responsive to the anchor.
Given the imbalance in categories, which was seen in all three cohorts in our study, the receiver
operating curve analysis with AUC > 0.70 was used to assess responsiveness of variables to a
dichotomous anchor [34, 35].

Compared to previous MCID studies in IPF, we did not use distribution-based methods in our
calculation. Since distribution-based methods do not take into account patient’s report of their
health, they essentially report the minimal detectable change (MDC). However, MDC and MCID
are two different concepts as illustrated by de Vet and Terwee [24]. Previous MCID studies in



IPF have used distribution-based methods along with anchor-based methods and have reported
lower point estimates when compared to our calculated values (Table 3). The MCID estimate for
6MWD at 75m in our analysis is much higher compared to previously reported values ranging
from 21.7 - 45m [15, 17, 21]. The estimate for SF-36 PCS of 7 points is also higher when
compared to previous values of 3 points and 5 points [14, 20]. While the difference in baseline
disease severity and follow-up intervals in some of the previous studies makes direct comparison
difficult, in certain cases our MCID values fall within the reported ranges of previous studies
even if they are higher than the point estimates. For instance, only one study thus far has
determined MCID estimates of total UCSD SOBQ scores and used the STEP-IPF cohort for their
analysis [22]. They reported an MCID estimate of 8 points for both improvement and worsening
with a range of 5-11 over 24 weeks using SGRQ’s activity domain for anchor-based method
along with distribution-based methods [22]. The UCSD SOBQ score did not meet
responsiveness criteria in our analysis of STEP-IPF cohort but our reported anchor-based MCID
values for UCSD SOBQ at 11.38 points over a 60 week time period using mild to moderate
disease patients of the PANTHER-IPF trial is close to the reported range of 5-11 in the previous
study.

Similarly, an earlier study reported an MCID of SGRQ as 7 points with a range of 5-10 using
both anchor-based and distribution-based methods in IPF patients with mild to moderate severity
[14]. In our analysis, we estimated higher MCID of SGRQ of 10.95 over 60-week time period
for worsening using a similar mild to moderate category of patients which again within the range
of the previous study but higher than the reported point estimate. However, another more recent
study estimated MCID for SGRQ in IPF using mild to moderate severity patients over 52 weeks
and proposed a threshold of 4-5 points for both improvement and worsening using both
distribution and anchor-based methods and is much lower than our estimate [13]. Further
research is needed to study the impact of MCID methodology, disease severity, follow-up
interval on MCID estimation and there are efforts underway to study some of these relationships
in other diseases such as Asthma [36]. A study of MCID of three questionnaires including SGRQ
in COPD patients found stable MCID values over different follow up intervals ranging from 3
weeks to 12 months [37]. A large real world dataset of IPF patients, such as the newer patient
registries, with patients of varying disease severity and multiple follow-up measurements at set
intervals may be useful for standardized MCID research of physiologic measures and PROMs,
provided they have appropriate anchors for MCID estimation [38, 39].

Conclusions:

Our study highlights the fact the anchor-based MCID estimates of 6MWD, SGRQ, SF-36, UCSD
SOBQ in our study were considerably higher when compared to point estimates from previously
proposed values. Further research is needed to assess MCID values of various physiologic
measures and PROMs in IPF using a more current and standardized approach in different patient
cohorts over different time periods to better design and evaluate clinical trials. There is further
need to establish MCID of newer physiologic measures such as home spirometry and actigraphy
[40, 41]. PROMs designed specifically for IPF patients are also needed to better capture the
patient experience in clinical trials since PROMs like SGRQ were developed for patients with
obstructive diseases. The newly proposed Living with Idiopathic Pulmonary Fibrosis (L-1PF)
guestionnaire is one such endeavor to better incorporate the patient experience [42]. With these



advances, future intervention trials in IPF may be better poised to accurately evaluate patient
quality of life.
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Table 1. Change in measures that met responsiveness criteria over 24 weeks by Health
Transition question (SF2) categorical responses in patients with idiopathic pulmonary fibrosis in
the STEP-IPF trial

SF-2 Response at 24-Week Follow-Up, Mean (SD)

Variable Much Somewhat  About  Somewhat Much AUC (95%
Better Better the Same  worse* Worse Cht
(N=7) (N=12) (N= 46) (N=58) (N=9)

Physiologic Measures

A6MWD, -3.71 -35.08 -32.29 -74.89 -163.00 )

meters (4233)  (14451)  (95.46)  (69.32) (12203 0-72(061-083)

* The mean change in scores in the “somewhat worse” category is the MCID value for measures
that meet the responsiveness criteria

T Receiver operating curve comparing dichotomous Health Transition question (SF2) response
(about the “same” vs. “somewhat worse”) with mean change score of variable

A Absolute change over 24 weeks

Abbreviations:

AUC Area under curve

6MWD Six-minute walk distance




Table 2. Change in measures that met responsiveness criteria over 60 weeks by Health
Transition question (SF2) categorical responses in patients with idiopathic pulmonary fibrosis in
the PANTHER-IPF trial

SF-2 Response at 60-Week Follow-Up, Mean (SD)
Much Somewhat Aboutthe Somewhat Much
Better Better Same worse* Worse

(N=11) (N=32) (N=101) (N=74) (N=10)

Variable AUC (95% CI)¥

Physiologic Measures

ASF36
Physical 8.00 i -0.06 -6.79 -5.29 )
Component  (11.57) 0-92(626) 5 7y 807)  (9.26) 0-7°(0.67-0.83)
Scoref
Subjective Measures
ATotal

-13.70 10.95 25.86
SGRQ (14.55) -0.97 (9.60) 1.35(9.18) (13.19) (17.46) 0.71 (0.63-0.79)
Score§
AUCSD

-4.45 0.59 11.38 34.90
SOBQ 3.19 (9.60) 0.72 (0.65-0.80)
Total Score (11.79) (12.81) (15.31) (23.65)

* The mean change in scores in the “somewhat worse” category is the MCID value for measures
that meet the responsiveness criteria

T Receiver operating curve comparing dichotomous Health Transition question (SF2) response
(about the “same” vs. “somewhat worse”) with mean change score of variable

T N missing 5 (0 much better, 1 somewhat better, 4 same, 0 somewhat worse, 0 much worse)

8 N missing 13 (0 much better, 2 somewhat better, 8 same, 3 somewhat worse, 0 much worse)
A Absolute change over 60 weeks

Abbreviations:

AUC Area under curve

SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire

UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire




Table 3. Anchor-based estimates of Minimal Clinically Important Difference (MCID) for
worsening in idiopathic pulmonary fibrosis from current study and comparison with MCID
estimates from previous studies

Current MCID Estimation Previous MCID Estimationi
Variable -
Time MCID¥ . .
Period* (95% CI) Time Period§ MCID
48 Weeks [15] 24-459
6MWD, -74.89
meters 24 Weeks (-93.11, -56.66) 48 Weeks [17] 21.7-37.01
52 Weeks [21] 28
SF36
Physical 60 Weeks -6.79 26 Weeks [14] 3
Component (-8.66, -4.92) No specified time 5
Score period [19]
60 Weeks
Score (7.81,14.1) 52 Weeks [13] 45
UCSD 11.38
SOBQ Total 60 Weeks ' 24 Weeks [22] 8 (5-11)#
Score (7.83, 14.93)

* 6MWD met responsiveness criteria only in STEP-IPF cohort while the SF 36 physical
component score, SGRQ and UCSD SOBQ met criteria in only the PANTHER-IPF cohort
therefore time period for MCID is 24 weeks or 60 weeks

1 MCID for worsening only since it was calculated as mean change in “somewhat worse” Health
Transition question (SF2) group from baseline to follow-up

T Previous studies have estimated MCID values for worsening and improvement using both
anchor-based and distribution-based methods

§ Citation in parentheses

{ Range

# Point Estimate (Range)

Abbreviations:

6MWD Six-minute walk distance

SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire

UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire
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Appendix 1: Detailed Approach for MCID Determination

The following analysis plan will be followed for analyzing each of the three datasets (ACE-IPF,
PANTHER-IPF and STEP-IPF) separately

Selected Anchor: Health Transition question (SF2) in SF-36 questionnaire

“Compared with one year ago, how would you rate your health in general now”?

(1) “much better,”

(2) “somewhat better,”

(3) “same,”

(4) “somewhat worse,” and

(5) “much worse.”

The difference between the third and the fourth responses (i.e., “same” and “somewhat
worse”) was considered to represent minimal clinically important difference for

worsening.

Follow-up interval:

ACE-IPF 48 weeks 111 patients
PANTHER-IPF 60 weeks 228 patients
STEP-IPF 24 weeks 140 patients

General Approach:

We conducted receiver operating curve analysis to assess responsiveness of the change in
variable of interest with the anchor SF2 (dichotomous variable “same” and “somewhat worse”).
Variables with both an area under the curve (AUC) > 0.70 and with appropriate direction of
response i.e., worsening scores with worsening response to SF2 question were selected for
further MCID determination. We calculated mean change (score difference between follow-up
and baseline) of each variable for patients in each of the categories in the SF2 question.

The score difference of the variable from baseline to follow-up in patients who answered
“somewhat worse” in response to SF2 was selected as MCID.

Steps:
1. Calculate score change in variable of interest (VOI) by subtracting follow-up scores from

baseline score.



Assess SF2 response at follow-up time period and compute mean score change in VOI
within each SF2 response category
Compute area under the curve (AUC) between SF2 (“same” and “somewhat worse”
categories only) and VOI score change

a. value>0.70 selected to next step.
Calculate anchor-based MCID Values: Mean Score Change in “somewhat worse” SF2 Group

from Baseline to Follow-up



Appendix 2:

Table S1. Description of the three randomized control trials of idiopathic pulmonary fibrosis in adult patients used for secondary data

analysis
Study Enrollment Number  Sample Disease Severity/  Treatment Time Period  Findings
Name of Size Phenotype
Centers
STEP-IPF  2007-2009 14 US 180 Severe Sildenafil Two 12 No significant
centers (DLCO <35%) weeks: 1% improvement in 6MWD
placebo vs. between groups
sildenafil, 2™
sildenafil
both groups
ACE-IPF  2009-2011 22 US 145 Progressive Warfarin 48 weeks Study terminated earlier
centers phenotype since patients on warfarin
(either worsening had higher mortality,
dyspneaor hospitalization and severe
absolute decline of side effects
FVC >10%, DLCO
decline >15%,
arterial oxygen
saturation decline
>5% or worsening
radiographic
findings)
PANTHE 2009-2011 25US 155 Mild to moderate Prednisone,azat 60 weeks Trial stopped early.
R-IPF centers (FVC >50% and hioprine and n- Treatment group with
DLCO =>30%) acetylcysteine increased mortality,

hospitalizations and
adverse events




Abbreviations:

STEP-IPF Sildenafil Trial of Exercise Performance in Idiopathic Pulmonary Fibrosis

DLCO Diffusing capacity for carbon monoxide

6MWD Six minute walk distance

FVC Forced vital capacity

ACE-IPF AntiCoagulant Effectiveness in Idiopathic Pulmonary Fibrosis

PANTHER-IPF Prednisone, Azathioprine, and N-Acetylcysteine: A Study That Evaluates Response in Idiopathic Pulmonary Fibrosis



Table S2. Baseline characteristics of STEP-IPF patients with Health Transition question (SF2) data at 24 Weeks

Characteristic Total Subjects (N=140) Treatment Placebo
(N=69) (N=71)

Demographic Characteristics

Age, years 68.47 (9.11) 69.66 (8.51) 67.35 (9.56)

Male, N (%) 114 (81.43) 58 (84.06) 56 (78.87)

White, N (%) 130 (92.86) 63 (91.3%) 67 (94.36)

Hispanic or Latino, N (%) 10 (7.14) 6 (8.70) 4 (5.63)

Clinical Characteristics

Past or Current Smoker, N (%) 112 (80.00) 54 (78.26) 58 (81.69)

Pulmonary Function Testing

FEV1 %*

65.10 (16.23)

63.95 (16.88)

66.18 (15.65)

FEV1, L 1.95 (0.57) 1.91 (0.57) 1.98 (0.57)
FVC %* 58.52 (15.50) 56.37 (14.97) 60.51 (15.82)
FVC, L 2.37 (0.76) 2.29 (0.72) 2.45 (0.79)
TLC, L 3.68 (1.09) 3.62 (1.00) 3.74 (1.17)
DLCO, ml/min/mmHg 7.92 (2.12) 7.77 (1.94) 8.06 (2.28)
6MWD, meters 280.07 (112.27) 269.67 (99.88) 290.47 (123.28)
Quiality of Life Scores

Pre Borg Dyspnea Scale 0.79 (1.17) 0.84 (1.09) 0.74 (1.26)
Post Borg Dyspnea Scale 4.03 (8.09) 3.51 (1.68) 4.54 (11.25)
Total UCSD Scoref 46.82 (20.79) 49.61 (21.61) 44.21 (19.81)
EuroQol Visual Analog Score 69.34 (16.61) 68.41 (16.53) 70.26 (16.76)
Eurogol Index Score 0.80 (0.13) 0.79 (0.15) 0.80 (0.11)

*All values are percent predicted according to age, height, sex and race/ethnicity
+ N Missing 10: 6 in treatment group and 4 in placebo

1 N missing 22: 12 in treatment arm and 10 in placebo group
All other variables with N missing <5

FEV1 Forced expiratory volume in 1 second




FVC Forced vital capacity

TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide

6MWD Six-minute walk distance

SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire

UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire

ICECAP Investigating Choice Experiences for the Preferences of Older People Capability Instruments for Adults



Table S3. Baseline characteristics of ACE-IPF patients with Health Transition question (SF2) data at 48 weeks

Characteristic

Total Subjects (N=111)

Treatment (N=54)

Placebo (N=57)

Demographic Characteristics

Age in years, mean (SD) 66.65 (7.49) 66.65 (7.35) 66.64 (7.68)
Male, N (%) 79 (71.17) 35 (64.81) 44 (77.19)
White, N (%) 103 (92.79) 50 (92.59) 53 (92.98)
Minority, N (%) 14 (21.61) 7 (12.96) 7 (12.28)
Clinical Characteristics

Past or Current Smoker, N (%) 83 (74.77) 37 (68.52) 46 (80.70)
Prednisone Treatment at Randomization, 27 (24.32) 10 (18.52) 17 (29.82)

N (%)

Years since IPF diagnosis, mean (SD) 0.24 (0.43) 0.19 (0.39) 0.30 (0.46)
Pulmonary Function Testing, mean

(SD)

FVC, L 2.48 (0.78) 2.42 (0.77) 2.53 (0.79)
FVC %* 61.94 (15.19) 61.77 (15.94) 62.10 (14.58)
FEV1, L 2.03 (0.61) 2.00 (0.61) 2.06 (0.61)
FEV1 %* 65.68 (15.53) 66.28 (16.86) 65.12 (14.28)
DLCO, ml/min/mmHg 10.77 (4.41) 10.69 (4.03) 10.84 (4.77)
DLCO %* 36.16 (12.90) 36.39 (12.08) 35.94 (13.75)
TLC, L 3.75 (0.99) 3.71(0.93) 3.78 (1.05)
TLC%* 59.38 (58.72) 59.40 (13.22) 59.36 (13.60)
6MWD, meters 297.90 (128.20) 303.73 (118.35) 292.59 (137.40)

Quality of Life Scores, mean (SD)




Pre Borg Dyspnea Scale 0.59 (0.91) 0.48 (0.92) 0.69 (0.89)
Post Borg Dyspnea Scale 2.54 (1.54) 2.28 (1.53) 2.78 (1.53)
Total SGRQ Score 45.13 (16.19) 41.99 (16.08) 48.10 (15.85)
SF36 Physical Component Score 38.13 (8.66) 40.55 (8.37) 35.84 (8.36)
SF 36 Mental Component Score 53.37 (8.33) 53.51 (7.37) 53.24 (9.21)
Total UCSD SOBQ Score 34.30 (20.71) 29.35 (17.61) 38.98 (22.42)
EuroQoL Index Score 0.76 (0.19) 0.78 (0.19) 0.75 (0.19)
EuroQol Visual Analog Score 74.90 (15.40) 75.72 (15.16) 74.14 (15.72)
ICECAP Score 0.86 (0.09) 0.87 (0.09) 0.85 (0.10)

*All values are percent predicted according to age, height, sex and race/ethnicity

FEV1 Forced expiratory volume in 1 second

FVC Forced vital capacity
TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide

6MWD Six-minute walk distance
SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire
UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire
ICECAP Investigating Choice Experiences for the Preferences of Older People Capability Instruments for Adults




Table S4. Baseline characteristics of PANTHER IPF patients with Health Transition question (SF2) data at 60 weeks

Characteristic

Total Subjects (N=228)

Treatment (N=110)

Placebo (N=118)

Demographic Characteristics

Age, years 67.05 (8.32) 67.50 (8.43) 66.63 (8.24)
Male, N (%) 173 (75.88) 87 (79.09) 86 (72.88)
White, N (%) 219 (96.05) 105 (95.45) 114 (96.61)
Minority, N (%) 15 (6.58) 7 (6.36) 8 (6.78)
Clinical Characteristics

Past or Current Smoker, N (%) 164 (72.25) 78 (71.56) 86 (72.88)

Years since IPF diagnosis, median

(IQR)

0.72 (0.29-1.54)

0.62 (0.29-1.54)

0.79 (0.28 -1.81)

Pulmonary Function Testing

FVC, L 2.96 (0.80) 2.99 (0.82) 2.94 (0.78)
FVC % * 73.81 (15.05) 73.65 (15.70) 73.95 (14.49)
FEV1, L 2.44 (0.64) 2.44 (0.64) 2.44 (0.64)
FEV1 % * 78.85 (16.29) 78.06 (16.42) 79.59 (16.21)
DLCO, ml/min/mmHg 13.63 (3.76) 13.58 (3.69) 13.67 (3.85)
DLCO %* 46.18 (11.36) 45.70 (10.74) 46.63 (11.94)
TLC, L 4.38 (1.03) 4.45 (1.05) 4.33 (1.01)
6MWD, meters 383.71 (107.47) 385.34 (111.03) 382.21 (104.54)
Quality of Life Scores

Pre Borg Dyspnea Scale 0.41 (0.81) 0.44 (0.88) 0.38 (0.74)
Post Borg Dyspnea Scale 2.41 (1.66) 2.27 (1.36) 2.53(1.89)
Total SGRQ Score 38.21 (16.80) 38.72 (16.41) 37.74 (17.21)




SF36 Physical Component Score 41.18 (9.15) 41.47 (8.95) 40.91 (9.36)
SF 36 Mental Component Score 54.65 (7.90) 53.87 (8.19) 55.38 (7.58)
Total UCSD Score 25.91 (17.54) 25.35 (16.80) 26.42 (18.26)
EuroQoL Index Score 0.83 (0.16) 0.82 (0.17) 0.84 (0.14)
EuroQol Visual Analog Score 78.25 (14.51) 78.38 (15.30) 78.13 (13.76)
ICECAP Score 0.88 (0.08) 0.88 (0.08) 0.88 (0.09)

*All values are percent predicted according to age, height, sex and race/ethnicity
FEV1 Forced expiratory volume in 1 second

FVC Forced vital capacity
TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide

6MWD Six-minute walk distance
SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire
UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire
ICECAP Investigating Choice Experiences for the Preferences of Older People Capability Instruments for Adults




Table S5. Change in physiologic and patient reported outcome measures over 24 weeks by Health Transition question (SF2)
categorical responses in patients with idiopathic pulmonary fibrosis in the STEP-IPF trial

All Patients, SF2 Response at 24-Week Follow-Up, Mean (SD)
Variable Mean (SD) Much Somewhat About the Somewhat Much Worse AUC (95%
(N=140) Better (N=  Better (N=13) Same worse (N=62) (N=10) CI)t
7) (N= 48)
Physiologic
Measures
AFVCY%* -1.89 0.62 (0.51-
-2.72 (4.66) (4.49) 0.55(3.91)  -1.78(4.52)  -3.68(3.96)  -7.46 (6.75) 0.72)
AFVC, L ] -0.09 ] ] ] 0.62 (0.51-
0.11 (0.20) (0.19) 0.04 (0.18) 0.07 (0.19)  -0.15 (0.16) 0.33 (0.25) 0.72)
RFVC, % -3.44 -2.58 -13.03 0.65 (0.55-
-4.88 (8.38) (8.49) 1.13 (8.00) (7.50) -6.98 (7.35) (10.67) 0.76)
ADLCO, ] -0.47 ] ] ] 0.55 (0.44-
mlmin/mmHg 0.48 (1.53) (1.54) 0.00 (1.30) 0.16 (1.42)  -0.66 (0.51) 1.65 (2.10) 0.66)
A6MWD, meters -58.66 -3.71 ] -32.29 ] -163.00  0.72 (0.61-
(96.44) (4233 350814451 oono 74.89 (69.32) (122.93) 0.83)
Subjective Measures
égfeBorg Dyspnea 16 (11.65) 0.07(0.93)  0.04(0.78)  013(1.01) 350(17.27)  0.06 (3.17) 0'53 ég.)47-
APost Borg Dyspnea -14.29 i 4.10 0.59 (0.49-
Score 1.06 (14.27) (35.62) 1.00 (1.73) (19.23) 0.76 (1.89) 2.00 (3.20) 0.70)
éf;;OQO' Index -0.05(0.17) 0.09(0.21)  -0.05(0.20)  0.01(0.12)  -0.08(0.16)  -0.20(0.21) O'Gg %58'
AEuroQol Visual ) 26.57 1.52 ) ) 0.66 (0.55-
Analogue Score 1.32 (19.69) (24.11) 8.62 (17.57) (16.97) 5.84 (16.57)  -21.89 (0.42) 0.76)
AUCSD SOBQ Total -8.00 ] 0.55 (0.43-
Score 5.92 (16.6) (7.94) 5.33(13.66) 2.60(9.92)  7.90(19.10)  24.00 (13.83) 0.68)

*All values are percent predicted according to age, height, sex and race/ethnicity




1 Receiver operating curve comparing dichotomous SF2 response (about the “same” vs. “somewhat worse”) and mean change score
of variable

1 N missing 39 (4 “much better”, 7 “somewhat better”, 13 “same”, 12 “somewhat worse”, 3 “much worse”). For all other variables the
SF2 columns had N missing < 5.

A Absolute change over 24 weeks

Abbreviations:

AUC Area under curve

FVC Forced vital capacity

RFVC Relative difference in forced vital capacity

TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide

6MWD Six-minute walk distance

UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire



Table S6. Change in physiologic and patient reported outcome measures over 48 weeks by Health Transition question (SF2)
categorical responses in patients with idiopathic pulmonary fibrosis in the ACE-IPF trial

All Patients, SF2 Response at 48-Week Follow-Up, Mean (SD)
Variable Mean (SD), Somewhat About the Same Somewhat worse Much Worse  AUC (95%ClI)t
(N=111) Better (N=6) (N=57) (N=41) (N=7)
Physiologic
Measures
AFVC%* -2.11 (6.61) -1.00 (7.18) -1.23 (5.61) -1.73 (6.14) -12.39 (8.94) 0.54 (0.41-0.66)
AFVC, L -0.09 (0.26) -0.04 (0.29) -0.05 (0.20) -0.08 (0.25) -0.50 (0.40) 0.55 (0.42-0.69)
RFVC, % (i%"ﬁ) -0.21 (10.15) -1.66 (8.33) 323(10.78)  -20.95(1253)  0.54 (0.42-0.66)
ATLC, L 0.00 (0.59) 0.15 (0.74) 0.06 (0.55) -0.05 (0.60) -0.34 (0.69) 0.58 (0.47-0.70)
ADLCO%*§ -4.34 (9.80) -0.23 (5.02) -2.15 (6.38) -7.22 (13.54) -12.29 (7.13) 0.60 (0.48-0.73)
ADLCO, i i i ) i )
mi/min/mmHgs 1.34 (2.94) 0.23 (1.32) 0.64 (1.82) 2.23 (4.11) 3.83 (2.31) 0.61 (0.48-0.74)
A6MWD, -37.50 -129.20
meters (114.96) -18.81 (48.96) -19.60 (119.23) -49.31 (107.52) (119.90) 0.60 (0.48-0.71)
Subjective
Measures
APre Borg ) i
Dyspnea Score 0.25 (1.29) 0.30 (1.64) 0.01 (1.18) 0.57 (1.36) 1.10 (0.89) 0.60 (0.48-0.72)
APost Borg
Dyspnea 0.49 (1.82) -0.40 (1.34) 0.23 (1.60) 0.51 (1.55) 4.00 (2.65) 0.56 (0.44-0.69)
Score§
ASF36 Physical
Component -2.49 (7.15) 2.80 (9.21) -1.60 (6.38) -2.76 (6.73) -12.77 (4.86) 0.55 (0.43-0.67)
Score
ASF36 Mental
Component -1.56 (7.33) 1.81 (5.45) -0.16 (6.65) -2.81 (8.04) -8.70 (4.35) 0.57 (0.45-0.68)
Score
AEuroQol -0.03 (0.18) 0.07 (0.08) -0.01 (0.18) -0.05 (0.20) -0.07 (0.21) 0.54 (0.42-0.66)




Index Score

AEuroQol 586

Visual ' 1.80 (11.01) -3.21 (11.80) 7.46(17.35)  -2357(17.49)  0.59 (0.47-0.70)
(15.19)

Analogue Score

ATOtSaC'O?SRQ 454 (11.62) 057 (21.17) 2.41 (8.44) 5.20 (11.16) 20.73 (14.27)  0.58 (0.46-0.70)

AUCSD SOBQ g 1 1665)  8.83 (12.25) 5.54 (10.86) 6.98 (16.65) 40.0027.45)  0.53 (0.41-0.64)

Total Score

A'choCr?P 002(010)  0.04(0.12) 0.00(0.06) :0.02 (0.11) 016 (0.08)  0.59 (0.47-0.71)

*All values are percent predicted according to age, height, sex and race/ethnicity
+ Receiver operating curve comparing dichotomous SF2 response (about the “same” vs. “somewhat worse”) and mean change score

of variable

1 N missing 12 (0 “somewhat better”, 3 “same”, 8 “somewhat worse”, 1 “much worse”)
8 N missing 15 (1 “somewhat better”, 6 “same”, 6 “somewhat worse”, 2 “much worse”)
For all other variables the SF2 columns had N missing < 5.

A Absolute change over 48 weeks
Abbreviations:

AUC Area under curve

FVC Forced vital capacity

RFVC Relative difference in forced vital capacity

TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide

6MWD Six-minute walk distance
SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire
UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire

ICECAP Investigating Choice Experiences for the Preferences of Older People Capability Instruments for Adults




Table S7. Change in physiologic and patient reported outcome measures over 60 weeks by Health Transition question (SF2)

categorical responses in patients with idiopathic pulmonary fibrosis in the PANTHER-IPF trial.

SF2 Response at 60-Week Follow-Up, Mean (SD)

All Patients
. " Much Better ~ Somewhat About the Somewhat Much Worse
Variable Mila_nZ(Z%D) (N=11) Better Same worse (N=74) (N=10) AUC (5% CIyf
(N=228) (N=32) (N=101)
Physiologic
Measures
AFVC%* -4.09(6.75)  1.18(7.31)  -2.64(6.77) -2.73(5.80) -6.65(5.97)  -10.09 (11.13)  0.68 (0.60-0.76)
AFVC, L -0.16 (0.28) 0.05 (0.29) -0.10 (0.29) -0.10(0.23) -0.27 (0.25) -0.40 (0.44) 0.68 (0.60-0.76)
RFVC,%  -574(9.99) 1.93(10.81) -3.46(9.63) -3.68(8.06) -9.46(8.91)  -15.82(19.43)  0.69 (0.61-0.77)
ATLC,L  -0.15(0.49) ('3'3% 007 (051) -012(0.44) -0.27(049)  -0.56(0.63)  0.64 (0.55-0.73)
ADLCO%*  -4.28 (7.62) 0.38 (6.17) -4.86 (5.91) -3.32(7.18) -5.16 (8.06) -14.78 (10.07)  0.59 (0.50-0.68)
ADLCO,
mlmin/mmHg -1.27(2.21)  0.23(1.72)  -1.37(1.65) -0.98(1.99) -1.58 (2.44) -4.46 (2.91) 0.58 (0.50-0.67)
A6MWD, -34.53 -18.23 -22.64 -52.11
meters (100.53) -2.32 (46.60) (119.36) (77.60) (113.71) -229.00 (91.69)  0.57 (0.48-0.66)
Subjective
Measures
APre Borg
Dyspnea 0.29 (1.39)  -0.27(0.52)  -0.39(0.90) 0.39(1.06)  0.51 (1.87) 1.30 (1.72) 0.51 (0.42-0.60)
Score
APost Borg
Dyspnea 0.32(0.92) -1.27 (2.04) -0.47 (1.78)  0.26 (1.61) 0.83 (2.01) 3.63 (1.60) 0.61 (0.52-0.69)
Score
ASF36
Physical 5 95(807) 800(1157) -0.92(6.26) -0.06(5.72) -6.79(8.07)  -529(9.26)  0.75(0.67-0.83)
Component . : : . : : : : : . . : : . .
Score
ASF36 Mental -1.35(8.61) -0.29 (12.78) -1.43(9.66) -0.41(6.05) -0.56 (7.61) -17.35 (13.32) 0.47 (0.38-0.56)




Component
Score

AEuroQol

Index Score -0.04(0.17)

-0.01(0.19)  -0.06 (0.13)

0.01 (0.17)

-0.07 (0.14)

-0.29 (0.32)

0.66 (0.58-0.75)

AEuroQol
Visual
Analogue
Scoref

-1.50 (17.19) 15.90 (16.39)  1.07 (10.75)

1.53 (16.35)

-5.79 (16.14)

-25.67 (18.86)

0.63 (0.54-0.72)

ATotal
SGRQ
Score§

454 (13.74) -13.70 (14.55)  -0.97 (9.60)

1.35 (9.18)

10.95 (13.19)

25.86 (17.46)

0.71 (0.63-0.79)

AUCSD
SOBQ Total
Score

572(15.94) -4.45(11.79)  3.19 (9.60)

0.59 (12.81)

11.38 (15.31)

34.90 (23.65)

0.72 (0.65-0.80)

AICECAP

Seorel -0.01 (0.09)

0.04(0.08)  -0.01 (0.08)

0.01 (0.07)

-0.03 (0.09)

-0.16 (0.19)

0.69 (0.61-0.78)

*All values are percent predicted according to age, height, sex and race/ethnicity

1 Receiver operating curve comparing dichotomous SF2 response (about the “same” vs. “somewhat worse”) and mean change score

of variable

1 N missing 19 (1 “much better”, 5 “somewhat better”, 9 “same”, 3 “somewhat worse”, 1 “much worse”)
8 N missing 13 (0 “much better”, 2 “somewhat better”, 8 “same”, 3 “somewhat worse”, 0 “much worse”)
' N missing 12 (0 “much better”, 0 “somewhat better”, 6 “same”, 6 “somewhat worse”, 0 “much worse”)

For all other variables the SF2 columns had N missing < 5.
A Absolute change over 60 weeks
Abbreviations:

AUC Area under curve

FVC Forced vital capacity

RFVC Relative difference in forced vital capacity
TLC Total lung capacity

DLCO Diffusing capacity for carbon monoxide
6MWD Six-minute walk distance

SF36 36 Item Short Form Survey

SGRQ St. George’s Respiratory Questionnaire




UCSD SOBQ The University of California, San Diego Shortness of Breath Questionnaire
ICECAP Investigating Choice Experiences for the Preferences of Older People Capability Instruments for Adults



